21 Rapid Diagnostic Tests (RDTs) for malaria are restricted to a few biomarkers and antibody-22 mediated detection. However, the expression of commonly used biomarkers varies 23 geographically and the sensibility of immunodetection can be affected by batch-to-batch 24 differences or limited thermal stability. In this study we aimed to overcome these limitations 25 by identifying a potential biomarker and by developing molecular sensors based on aptamer 26 technology. Using gene expression databases, ribosome profiling analysis, and structural 27 modeling, we find that the High Mobility Group Box 1 protein (HMGB1) of Plasmodium 28 falciparum is highly expressed, structurally stable and steadily present along all blood-stages 29 of P. falciparum infection. To develop biosensors, we used in vitro evolution techniques to 30 produce DNA aptamers for the recombinantly expressed HMG-box, the conserved domain 31 of HMGB1. An evolutionary approach for evaluating the dynamics of aptamer populations 32 suggested three predominant aptamer motifs. Representatives of the aptamer families were 33 tested for binding parameters to the HMG-box domain using microscale thermophoresis and 34 rapid kinetics. Dissociation constants of the aptamers varied over two orders of magnitude 35 between nano-and micromolar ranges while the aptamer-HMG-box interaction occurred in 36 less than 30 seconds. The specificity of aptamer binding to the HMG-box of P. falciparum 37 compared to its human homolog depended on pH conditions. Altogether, our study proposes 38 HMGB1 as a potential biomarker and a set of sensing aptamers that can be further developed 39 into rapid diagnostic tests for P. falciparum detection. 
Introduction
244 used to assess homogeneity within the titration. Reactions were excluded if a fluorescence 245 difference between scans was higher than 10%. Time courses of fluorescence measurements 246 were set 5 seconds with the infrared (IR) laser off, 30 seconds with the IR on, and 5 seconds 247 off. A delay of 25 seconds between reads was used for thermal equilibration of the 248 instrument. All reactions were performed in PBS at room temperature. IR laser power was 249 set to 20% while fluorescence excitation power was set to 20% to 70% according to the 250 dynamic of each aptamer.
Kinetic Experiments
252 To measure the kinetics of aptamer-protein interactions an SX20 stopped-flow apparatus was 253 used (Applied Photophysics, UK). All reactions were performed in SELEX Buffer (pH 7.4).
254 Aptamers, PfR6 and PfE3, were pre-annealed to the probe FAM as described above and called 255 from herein, PfR6 FAM and PfE3 FAM . Fluorescent measurements were carried out at 22 ˚C 256 using a monochromatic light source (470 nm) powered with 10 mA. Emitted fluorescence 257 was measured with photomultipliers set at 320 V after passing a long-pass filter with a cut-258 off of 515 nm essentially as described in [33] . Equal volumes (60 µL) of each reactant were 259 rapidly mixed and fluorescence changes over time were measured. Typically, one solution 260 contained aptamer (0.25 µM), probe FAM (0.2 µM) while the second solution was composed 261 of 1 µM HMG-box 540Q Pf or Hs, quenching derivatives of their respective proteins labeled 262 with Atto-540Q. Between 7 to 10 replicates were measured. Every single measurement 263 acquired 1,000 data points in a logarithmic sampling mode. Apparent rate constants were 264 estimated by non-linear regression with exponential equations using Prism 7.02 (Graphpad 265 Sofware, USA). Averaged rate constants were calculated as described in [34] .
Results

HMGB1 as a biomarker for Plasmodium detection
268 Recent advancements in the 'omics field allow novel approaches to assess gene expression 269 regulation at several stages, namely, gene transcription, mRNA translation and protein 270 availability in the cell. Among these, translation regulation can be studied by RP, which 271 provides unprecedented parameters, both qualitative and quantitative [35] . At any given cell 272 growth state, RP can relatively estimate the ribosome load for each identified mRNA [35] .
273 Recent applications of RP for P. falciparum identified more than 3,000 actively translated 274 mRNAs at different stages of parasite life-cycle [8] . Actively translated mRNAs shall result 275 in highly expressed proteins, an appealing feature to propose new potential biomarkers as 276 parasite density can be estimated. Using the freely available RP databases, biomarker 277 candidates were ranked according to their expression in the merozoite blood-stage, as being 278 the stage with the most active protein synthesis apparatus (Fig 1A) . Any gene whose 279 expression was null during any blood stage was excluded since homogenous expression 280 during all blood stages was desired. To assess the expression variability along blood-stages 281 of P. falciparum the most expressed genes from RP datasets were validated by transcriptomic 282 reports using PlasmoDB [16, 17] . Candidates whose expression was not uniform during all 283 blood stages were eliminated. Biomarker candidates that met both selection criteria, being 284 abundant and showing similar expression patterns during all blood stages of the parasite, 285 were pre-selected (Fig 1) . 300 From the five potential biomarkers of P. falciparum, HMGB1 showed up as being abundant, 301 steady along all blood-stages of the parasite and, folding into a stable tertiary structure (Fig   302 1B) . Therefore, HMGB1 displays substantial premises for the development of molecular 303 sensors for Plasmodium detection. The HMGB1 protein from Plasmodium spp. has a human 304 homolog, and both contain a DNA binding domain, HMG-box ( Fig 1B) [19]. Furthermore, 305 the HMG-box domain is highly conserved among Plasmodium species that infect humans, 306 such as P. vivax (88% identity), P. knowlesi (87% identity), P. malarie (85% identity), and 307 P. ovale (81% identity) ( Fig 1C) . Of particular importance, HMG-box Pf shows limited 308 identity (39.4 %) with HMG-box Hs ( Fig 1D) . Altogether, abundance, availability during all 309 infectious stages of the parasite, and low identity with the human counterpart make the HMG-310 box an appealing biomarker to develop new biosensors.
311 Aptamers against HMG-box Pf 312 In order to select molecular sensors that can specifically recognize the HMG-box Pf, we used 313 Systematic Evolution of Ligands by Exponential Enrichment (SELEX) combined with next-314 generation sequencing (NGS). SELEX allows to in vitro select single-stranded 315 oligonucleotides that strongly bind a given molecule [12] . These oligonucleotides are known 316 as aptamers [37] and were shown to have significant advantages over antibodies such as 317 better thermal stability and synthesis consistency between production batches without 318 compromising their binding affinities [10, 38] . These characteristics are very appealing for 319 further development of aptamers into rapid diagnostic tests to be deployed in rural areas in 320 low-income countries, the most affected by Malaria. We performed fourteen SELEX cycles 321 (Fig 2A) starting from a library of ssDNA containing 40 randomized nucleotides. In order to 322 enhance the selection of tight binders, HMG-box Pf concentration, incubation time and 323 strength of washes varied, increasing the selection stringency along the SELEX cycles (S2 324 Table) . Whereas, to increase the specificity of the potential aptamers, negative selections 325 using the human counterpart, HMG-box Hs, were introduced at cycles five, eight, ten, and 326 fourteen. (Fig 2B and S1 Fig.) . The dsDNA obtained from cycles four, six, eight, ten, and 357 fourteen were used for NGS using the Illumina system. 358 Raw sequences (typically over 80,000 reads for each SELEX cycle) obtained from 359 sequencing were processed using the FASTAptamer toolkit (Fig 2C) [23] . Briefly, a FASTQ 360 file was processed using the algorithm FASTAptamer Count that ranks DNA sequences 361 based on their abundance for each SELEX cycle (Refer to S1 Data for raw ranked sequences). 
